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Abstract
Background: Because of the mixed reports from smaller studies, we examined associations of race with mammographic
breast density and evaluated racial differences in the determinants of breast density. Methods: Participants included 37 839
women (23 166 non-Hispanic white and 14 673 African American) receiving screening mammograms at the Joanne Knight
Breast Health Center at Washington University School of Medicine from June 2010 to December 2015. Mammographic breast
density was assessed using the Breast Imaging Reporting and Data System (5th edition). To determine the association of race
and participant characteristics with mammographic breast density, we used multivariable polytomous logistic regression
models (reference group: almost entirely fatty). Results: African American women had increased odds of extremely dense
(adjusted odds ratio ¼ 1.31, 95% confidence interval ¼ 1.13 to 1.52) and reduced odds of heterogeneously dense breasts
(adjusted odds ratio ¼ 0.91, 95% confidence interval ¼ 0.84 to 0.99) compared with non-Hispanic white women. Altogether,
race, parity and age at first birth, current age, current body mass index (BMI), BMI at age 18 years, menarche, family history of
breast cancer, oral contraceptive use, alcohol use, and menopausal status explained 33% of the variation in mammographic
breast density. Among African American and non-Hispanic white women, these factors explained nearly 28.6% and 33.6% of
the variation in mammographic density, respectively. Current BMI provided the greatest explanation of breast density (26.2%
overall, 22.2% in African American, and 26.2% in non-Hispanic white women). Conclusions: The determinants of
mammographic breast density were generally similar between African American women and non-Hispanic white women.
After adjustments for confounders, African Americans had higher likelihood of extremely dense breasts but lower likelihood
of heterogeneously dense breasts. The greatest explanation of breast density was provided by BMI, regardless of race.
In the United States, among those diagnosed with breast cancer,
the overall survival from breast cancer has increased by more
than 21% because of improvements in breast cancer screening
practices and treatment modalities (1,2). However, African
American women are more likely to be diagnosed with metastatic
breast cancer and die from breast cancer compared with non-
Hispanic white women (1,3). Mammography screening is associ-
ated with a 20% reduction in breast cancer mortality because the
early detection of breast cancer reduces the risk of death from
the disease (4,5). Thus, mammography screening has great utility
in reducing disparities in breast cancer mortality.
Higher mammographic breast density is associated with a
four- to sixfold increased risk of breast cancer (6–9). It is
estimated that 28 million US women aged 40 to 74 years have
dense breasts (10). Mammographic breast density and breast
cancer share similar biological and genetic pathways (11,12),
and therefore it is important to disentangle the correlates most
strongly associated with mammographic breast density and
whether they are differential by race. To date, only a few studies
have investigated the determinants of mammographic breast
density in African American women or whether there are racial
differences (13–15), with conflicting results (14). For instance,
among women undergoing mammography screening, Oppong
et al. (2018) reported that African American women were less
likely to have extremely dense breasts when compared with
non-Hispanic white women (15), which is in contrast to findings
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by McCarthy et al. (14), who reported no racial differences in
dense breasts when using Breast Imaging Reporting and Data
Systems (BI-RADS) but increased odds of having extremely
dense breasts among African American women using quantita-
tive breast density measures (14). As a result of these conflicting
results, a larger study with a substantial number of African
American women is crucial.
To clarify the association of race with mammographic breast
density and to determine whether the determinants of mam-
mographic breast density differ by race, we analyzed data from
a large population of women undergoing screening
mammograms.
Methods
Study Design and Population
Study participants were women undergoing screening (annual
and biennial) mammograms at the Joanne Knight Breast Health
Center at Siteman Cancer Center at Washington University
School of Medicine, St. Louis, Missouri, from June 2010 to
December 2015. We obtained additional information as part of
routine data collection for risk stratification estimation, and
investigators returned risk information to women and their pro-
viders as part of their care. The Breast Health Center provides
mammography services for women from varying socioeco-
nomic and racial backgrounds in the St. Louis region, including
those with coverage through breast and cervical cancer screen-
ing programs (Centers for Disease Control and Prevention and
state funded), the Komen Fund and Barnard Fund coverage for
the uninsured, and regularly insured women with private insur-
ance or Medicare coverage. In addition, the Breast Health Center
has a breast mammography van that travels throughout the
metropolitan St. Louis area to provide mammography services
for women within the community setting. For the current study,
we excluded women with preexisting cancer (n¼ 3462); missing
information regarding self-reported race and ethnicity
(n¼ 2156); and missing information on mammographic breast
density (n¼ 6226); and those who visit the health center for
diagnostics (n¼ 6740), leaving 37 839 participants included in
analyses. The Institutional Review Board at Washington
University School of Medicine in St. Louis approved this study
(IRB No. 201107282). We obtained informed consent from all
participants during visits.
Mammographic Density Measurements
Women received digital or tomosynthesis mammogram screen-
ings. Qualitative assessment of mammographic density using
the American College of Radiology Breast Imaging Reporting
and Data System (BI-RADS 5th edition) included almost entirely
fatty, scattered areas of fibroglandular density, heterogeneously
dense, and extremely dense. We used the most recent mammo-
graphic density information and data collected during partici-
pants’ latest visit.
Participant Characteristics
As part of routine breast health services, we collected data on
breast cancer risk factors including: age; weight; weight at age
18 years; height; family history of breast cancer; alcohol use;
contraceptive use; menopausal hormone use; reproductive
characteristics such as age at menarche, parity, and age at first
birth; menopausal status; and age at menopause (for postmeno-
pausal women). We identified women as postmenopausal
based on self-report of cessation of menstrual periods at the
time of mammography. Women were considered postmeno-
pausal if they had undergone bilateral oophorectomy and hys-
terectomy by the time of mammography. Anthropometric
measurements (ie, weight and height) were taken at the time of
mammography. We identified whether participants had a first-
degree relative (eg, mother or sister) with a history of breast
cancer. Average alcohol use over the past year was assessed as
nondrinkers, less than 1 drink per month, no more than 1 drink
per week, 2–6 drinks per week, and 1 drink per day. Current al-
cohol use was very low in our study population; hence, we reca-
tegorized alcohol consumption into three groups: nondrinkers,
current drinkers, and missing. We collected data on oral contra-
ceptive and hormone replacement therapy use. We categorized
women as either current, past, or never users based on their
self-reported use of oral contraceptives.
Statistical Analysis
We examined age-adjusted differences in participant character-
istics between non-Hispanic white and African American
women using v2 tests for categorical variables, t tests for para-
metric continuous variables, and Wilcoxon rank-sum tests for
nonparametric continuous variables. We calculated age-
adjusted proportions for participant characteristics using indi-
rect standardization (ie, by utilizing the age distribution of our
study population). To determine the association of race and par-
ticipant characteristics with mammographic breast density, we
used multivariable polytomous logistic regression models (refer-
ence group: almost entirely fatty) and reported odds ratios (ORs)
and 95% confidence intervals (CIs). The interpretations of odds
ratios derived from polytomous logistic regression are analo-
gous to odds ratios derived from traditional logistic regression
and can be interpreted as the log odds of having either ex-
tremely dense, heterogeneously dense, or scattered fibroglandu-
lar tissue relative to the log odds of having almost entirely fatty
(the referent mammographic breast density category) per unit
increase or level comparison in a specific covariate (16).
Because some covariates (body mass index [BMI] ¼ 3.0%, BMI
at age 18 years¼ 16.0%, parity and age at first birth ¼ 8.4%, men-
opause status ¼ 0.4%, family history of breast cancer ¼ 0.4%, al-
cohol use ¼ 3.2%, age at menarche ¼ 2.6%, and age at
menopause ¼ 22.7% [among postmenopausal women only])
were missing, we performed regression modeling with multiple
imputations using the fully conditional specification method.
When estimating imputed values, we included the following
variables in the imputation model: race; age; BMI; BMI at age 18
years; parity and age at first birth; family history of breast can-
cer; alcohol use; oral contraceptive use; hormone replacement
therapy; menopausal status; age at menarche; and age at meno-
pause. We used the fully conditional specification method be-
cause we assumed that our underlying data were missing at
random, and this approach allows for regression estimation
among continuous variables and use of the discriminant func-
tion among categorical variables (17,18).
We decided a priori to adjust models for variables that are
associated with breast cancer. Therefore, our models were con-
trolled for race; age; BMI; BMI at age 18 years; age at menarche;
parity and age at first birth; family history of breast cancer; alco-
hol use; ever oral contraceptive use; menopausal status; meno-
pausal hormone use (among postmenopausal women only,
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n¼ 26 914); and age at menopause (among postmenopausal
women only). We assessed collinearity between current BMI
and BMI at age 18 years by calculating the correlation and vari-
ance inflation factor. There was no evidence of collinearity be-
tween current BMI and BMI at age 18 years, because the
variance inflation factor was 1.0 and the correlation was 0.49.
We repeated these analyses stratified by race; however, we did
not include race as a predictor in the race-stratified models. In
addition, we examined BMI categories (categorized as <25.0,
25.0–35.0, and >35.0 kg/m2) as an effect modifier and repeated
main analysis associating race with mammographic breast den-
sity stratified by BMI categories. We examined the multiplica-
tive interaction of race and BMI by introducing an interaction
variable within our model and present the corresponding P
value for this association.
To estimate the total variance in mammographic density
explained by each explanatory variable, we calculated general-
ized R2 values using the Cox and Snell method (19) and the ad-
justed Nagelkerke method (20) (see Supplementary Table 1,
available online). The statistical significance threshold was set to
an alpha level of 0.05 for a two-tailed analysis. All statistical anal-
yses were performed using SAS (version 9.4, SAS Institute Inc,
Cary, NC) and Stata (version 13, StataCorp LP, College Station, TX).
Sensitivity Analyses
In sensitivity analyses, we performed logistic regression analy-
ses classifying mammographic breast density into two catego-
ries: dense (heterogeneously dense and extremely dense) vs
nondense breasts (almost entirely fatty and scattered areas of
fibroglandular tissue). We additionally performed analysis with
missing categorized as a level of each covariate and presented
these within Supplementary Table 2 (available online).
Results
Descriptive Results
A total of 37 839 women were included in this analysis: 14 673
(38.8%) African American and 23 166 (61.2%) non-Hispanic white
women. A flowchart depicting inclusion criteria is presented in
Figure 1. The African American women were younger (57.1 vs
58.5 years) and had a higher BMI (32.4 vs 28.3 kg/m2) compared
with the non-Hispanic white women (P <.001; Table 1). The
African American women had greater parity and were more
likely to have their first childbirth before age 25 years (57.5% vs
37.0%), less likely to have a family history of breast cancer in a
first-degree relative (15.4% vs 18.2%), less likely to be current al-
cohol drinkers (35.0% vs 55.6%), and less likely to have ever used
menopausal hormone (15.6% vs. 30.2%) (all P <.001).
Associations With Breast Density
The odds of having extremely dense breasts (adjusted odds ra-
tio [AOR] ¼ 1.31, 95% CI ¼ 1.13 to 1.52) were higher among
African American women, but the odds of heterogeneously
dense breasts (AOR ¼ 0.91, 95% CI ¼ 0.84 to 0.99) were lower
when compared with non-Hispanic white women (Table 2).
Age, current BMI, BMI at age 18 years, parity and age at first
birth, and menopausal status were all inversely associated with
mammographic breast density. Compared with nulliparous
women, parous women, irrespective of age at first birth, had
lower odds of extremely dense breasts. The only exception were
women with 1–4 children who had their first child after age 30
years. The odds of having extremely dense breasts decreased
linearly with age, and we observed the lowest odds ratios
among women aged 70 years and older (AOR ¼ 0.14, 95% CI ¼
0.11 to 0.18) compared with women between 40 and 49 years.
Joanne Knight Breast Health Center at Siteman Cancer Center at Washington 
University School of Medicine 2010 - 2015
N = 56423  participants
2156 excluded due to non-reported 
race 
N = 54267
N = 14673 (38.78%)
African american 
N = 23166 (61.22%)
Non-hispanic whites 
6226 excluded due to missing 
mammographic density 
N = 48041
3462 excluded due to prior history of 
breast cancer in medical records 
N =  44579 
N =  37839 
Participants used for analysis 
6740 excluded due to diagnostic and 
unknown visitation purposes 
Figure 1. Flowchart of study participants enrolled among women attending the Joanne Knight Breast Health Center at Siteman Cancer Center at Washington
University School of Medicine between 2010 and 2015.
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We observed reduced odds of extremely dense (AOR ¼ 0.13, 95%
CI ¼ 0.12 to 0.14), heterogeneously dense (AOR ¼ 0.36, 95% CI ¼
0.35 to 0.37), and scattered fibroglandular tissue (AOR ¼ 0.65,
95% CI ¼ 0.63 to 0.67) with every 5-unit increase in BMI kg/m2.
Similar, but attenuated, associations were observed for BMI at
age 18 years. Postmenopausal status was associated with re-
duced odds of extremely dense breasts (AOR ¼ 0.38, 95% CI ¼
0.32. to 0.45) compared with premenopausal women.
Age at menarche, family history of breast cancer, current al-
cohol use, and menopausal hormone use were positively asso-
ciated with mammographic breast density (Table 2). A 1-year
increase in age at menarche was associated with 6% increased
odds of having extremely dense breasts (AOR ¼ 1.06, 95% CI ¼
1.02 to 1.10). Women with a family history of breast cancer (AOR
¼ 1.77, 95% CI ¼ 1.50 to 2.08) were at increased odds of ex-
tremely dense breasts when compared with women with no
family history of breast cancer. Women with current alcohol
use (AOR ¼ 1.22, 95% CI ¼ 1.06 to 1.41) were at increased odds of
extremely dense breasts when compared with women with no
current alcohol use. Among postmenopausal women, ever use
of menopausal hormone (AOR ¼ 1.34, 95% CI ¼ 1.07 to 1.67) and
older age at menopause (AOR ¼ 1.02, 95% CI ¼ 1.01 to 1.04) were
associated with having extremely dense breasts.
Within each race, we examined associated factors for having
dense breast using stratified analysis (Table 3). Factors associ-
ated with mammographic breast density and the directions of
Table 1. Age-standardized characteristics among 37 839 women from the Joanne Knight Breast Health Center (BHC) at Siteman Cancer Center,
Washington University School of Medicine
Characteristics
Non-Hispanic white (n¼ 23 166) African American (n¼ 14 673)
P†No. (%) or mean (SD)* No. (%) or mean (SD)*
Age, y‡ (mean) 58.48 (11.2) 57.14 (10.9) <.001
Age group, y‡ (%)
<40 306 (1.3) 133 (0.9) <.001
40–49 4953 (21.4) 3770 (25.7)
50–59 7913 (34.2) 5289 (36.1)
60–69 6030 (26.0) 3409 (23.2)
70 3964 (17.1) 2072 (14.1)
Current BMI in kg/m2‡ (mean) 28.3 (6.9) 32.4 (7.8) <.001
BMI at age 18 y in kg/m2‡ (mean) 21.2 (3.7) 22.1 (4.8) <.001
Parity, age at first child’s birth‡ (%)
Nulliparous 2960 (12.8) 1283 (8.9) <.001
1–4 children, <25 y 8571 (37.0) 8472 (57.5)
1–4 children, 25–29 y 4941 (21.4) 1497 (10.3)
1–4 children, 30 y 3761 (16.2) 897 (6.0)
5 children, <25 y 605 (2.6) 1544 (10.4)
5 children, 25 y 146 (0.6) 38 (0.3)
Missing/not reported 2182 (9.4) 942 (6.7)
Age at menarche, y‡ (mean) 12.7 (1.5) 12.6 (1.8) <.001
Age at menopause, y‡ (mean) 48.7 (5.9) 47.5 (6.6) <.001
Age at first childbirth, y‡ (mean) 25.0 (5.6) 20.8 (5.1) <.001
Menopausal status (%)
Premenopause 6482 (29.4) 4357 (27.8) .001
Postmenopause 16 627 (70.4) 10 287 (72.0)
Missing/ Not reported 57 (0.2) 29 (0.2)
Family history of breast cancer
Yes 4259 (18.2) 2222 (15.4) <.001
No 18 850 (81.5) 12 422 (84.4)
Missing/not reported 57 (0.2) 29 (0.2)
Current alcohol use (%)
Yes 12 855 (55.6) 5214 (35.0) <.001
No 9718 (41.8) 9099 (62.4)
Missing/not reported 593 (2.5) 360 (2.5)
Oral contraceptive use (%)
Current 3808 (16.6) 1022 (6.7) .02
Past 12 067 (52.4) 8463 (57.2)
Never 7291 (31.0) 5188 (36.1)
Ever hormone replacement therapy (%) 7166 (30.2) 2176 (15.5)
BI-RADS density (%)
1, almost entirely fatty 2389 (10.2) 2537 (17.4) <.001
2, scattered fibroglandular 12 211 (52.4) 8475 (58.1)
3, heterogeneously dense 7399 (32.2) 3231 (21.7)
4, extremely dense 1167 (5.1) 430 (2.8)
*Presented as N (age adjusted %) or mean (SD). Values are mean (SD) or percentage and are standardized to the age distribution of the study population. Values of polyt-
omous variables may not sum to 100% because of rounding. BI-RADS ¼ Breast Imaging-Reporting and Data System; BMI ¼ body mass index.
†P values determined from v2, Wilcoxon rank-sums tests, and t tests, as appropriate. All tests were two-sided.
‡Value is not age adjusted.
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their associations were similar between non-Hispanic white
and African American women. However, we observed differen-
tial associations by race for family history of breast cancer (AOR
¼ 1.93, 95% CI ¼ 1.59 to 2.36), current alcohol use (AOR ¼ 1.35,
95% CI ¼ 1.12 to 1.61), and hormone replacement therapy (AOR
¼ 1.39, 95% CI ¼ 1.07 to 1.81) among non-Hispanic white
women, whereas no association was observed for these factors
in African American women.
We assessed whether BMI categories were effect modifiers
on the association between race and mammographic breast
density and observed that specifically among overweight
women (those with BMI between 25.00 and 34.99 kg/m2) there
was more than 50% increased odds (AOR ¼ 1.54, 95% CI ¼ 1.13 to
2.10) of having extremely dense breasts comparing African-
American with non-Hispanic white women (Table 4). Even
among postmenopausal women who had overweight BMI sta-
tus, African American women were still at 83% increased odds
of having extremely dense breasts (AOR ¼ 1.83, 95% CI ¼ 1.19 to
2.10). However, among women with underweight and normal
weight BMI status, African American women had more than
35% reduced odds of heterogeneously dense breasts when com-
pared with non-Hispanic white women for both all women
(AOR ¼ 0.61, 95% CI ¼ 0.45 to 0.84) and postmenopausal women
(AOR ¼ 0.62, 95% CI ¼ 0.44 to 0.88).
Variance Explained Results
Combined, the factors in the full model accounted for 33.1% of
the variation in mammographic breast density (Supplementary
Table 1, available online), with current BMI and BMI at age 18
years independently explaining 26.2% and 9.5%, respectively.
Among African American women, the variables included in the
model accounted for 28.6% of the variation in mammographic
density, with current BMI contributing to 22.2% of the variance.
Among non-Hispanic white women, variables in the full model
explained 33.6% of the variation in mammographic density,
with current BMI accounting for 26.2% of the variance.
Sensitivity Analysis
Compared with using polytomous logistic regression, the mag-
nitude of the association measures observed while using binary
logistic regression (Supplementary Tables 3 and 4, available on-
line) were slightly attenuated, but in the same direction. We
also performed analysis with current BMI and BMI at age 18
years as a categorical variable (and missing or not reported as a
category) and observed similar effect measures (data not
shown). Using complete case analysis (missing categorized as a
level for each covariate), we observed similar, but less reliable,
estimates (Supplementary Table 2, available online).
Discussion
In this large study among women undergoing mammographic
screening, the determinants of mammographic breast density
were similar between African American women and non-
Hispanic white women. Age, BMI, age at menarche, parity and
age at first birth, menopausal status, family history of breast
cancer, alcohol consumption, and menopausal hormone use
explained 29% of the variation in mammographic density
among African American women and 33% of the variation
among non-Hispanic white women, with current BMI account-
ing for the majority of the variance. African American women
had increased odds of extremely dense breasts and reduced
odds of heterogeneously dense breasts when compared with
non-Hispanic white women. Importantly, BMI was a statistically
significant effect modifier on the association between race and
mammographic breast density. African American women were
more likely to have dense breasts among the overweight popu-
lation, but less likely to have heterogeneously dense breasts
among underweight or normal weight population.
Our findings provide important data on the association of
race with mammographic breast density. Prior studies examin-
ing racial differences in mammographic density have reported
mixed results (13–15,21,22). Some studies reported that African
American women have higher breast density compared with
non-Hispanic white women, even after adjustments for age,
BMI, and reproductive factors (13,21,22). For instance, among
women undergoing screening mammograms, El-Bastawissi
et al. (2001) (13) reported that African American women were at
30% increased odds of having extremely dense breasts com-
pared with non-Hispanic white women. However, McCarthy
et al. reported no differences in dense breasts (categorized as
both BI-RADS 3 and 4) by race (14). An important distinction be-
tween our study and that of McCarthy et al. is the categorization
of BI-RADS groups; McCarthy et al. dichotomized BI-RADS cate-
gories into dense and nondense groups, whereas we analyzed
BI-RADS as a four-level category. In analyses dichotomizing BI-
RADS (using logistic regression), we also observed no associa-
tion between race and mammographic breast density.
Therefore, utilizing polytomous logistic regression allowed for a
more robust estimation of effect measures, which enabled us to
observe the granularity within the association between race
and BI-RADS breast densities. For example, the polytomous lo-
gistic regression showed that African American women had in-
creased odds of extremely dense breasts, but reduced odds of
heterogeneously dense breasts when compared with non-
Hispanic white women. These effects were attenuated when
combining heterogeneously dense breasts with extremely
dense breasts in the binary logistic regression model. Given that
extremely dense and heterogeneously dense breasts (BI-RADS 3
and 4) may be categorized together within studies, it is likely
that associations in prior studies examining the relationship be-
tween mammographic breast density and cancer outcomes
were influenced. Thus, when delineating risks of breast disease
by mammographic breast density, it is important to differenti-
ate with as much specificity of BI-RADS groupings as possible.
Consistent with prior research, we observed that, in general,
higher BMI was associated with lower mammographic breast
density (23). Studies among nationally representative popula-
tions report that when compared with non-Hispanic white
women, African American women are more likely to have over-
weight and obese BMI (24–26). Similarly, in this study we ob-
served that African American women had higher BMI than non-
Hispanic white women (32.3 vs 28.2 kg/m2). Women with higher
BMI tend to have larger breasts with more nondense tissue
(14,27). Thus, we expected that because the African American
women had higher BMI, they would in turn have less dense
breasts. Nevertheless, our results showed that African
American women were more likely to have dense breasts when
compared with non-Hispanic women even after adjusting for
BMI and all other potential confounders. After further stratify-
ing by BMI, we observed that specifically among the overweight
population, African American women were more than 50%
more likely to have dense breasts than non-Hispanic white
women. This finding is important as both BMI and breast den-
sity are risk factors for morbidity and cancer disease. Therefore,
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clinicians should take this into account when providing breast
mammography services to African American women.
The results of the current study should be interpreted in light
of a few inherent limitations. Firstly, because participant charac-
teristics were based on self-reports, they may be subject to mis-
classification. However, participants were unaware of their
breast density during their examination, hence, any misclassifi-
cation is likely to be nondifferential. Secondly, our imputation
analyses assumed that data were missing at random, and al-
though most covariates did not have more than 5% missing,
greater than 15% of variables that assessed weight at age 18
years and age at first menopause were missing. Because the im-
putation analyses predicted missing values based on observed
values, our effect estimates should be interpreted with this is
mind. However, analysis with missing categories showed
slightly attenuated but consistent effect estimates to imputation
estimates. Lastly, an inherent limitation of using BI-RADS is that
the categorizations are based on two-dimensional images and
thus are not sensitive to breast thickness, so may underestimate
the true amount of dense tissue in large-breasted women.
Our study has several strengths. To date, our study, with
more than 14 000 African American women, is the largest study
to examine racial differences in the determinants of mammo-
graphic breast density. This allowed for stratified analyses and
the ability to observe racial differences. We adjusted for many
potential confounders. The Breast Health Center at Washington
University School of Medicine provides mammography services
to women of diverse socioeconomic status and breast cancer risk
profiles and includes women who visited the cancer center and
those within the community setting. Thus, our results are gener-
alizable to the larger population of both African American and
non-Hispanic white women. We used multinomial-polytomous
logistic regression, allowing for a robust statistical approach.
In conclusion, African American women had increased odds
of extremely dense breasts but reduced odds of heterogeneously
dense breasts compared with non-Hispanic white women. The
greatest explanation of breast density was provided by BMI in
both African American and non-Hispanic white women.
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